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Nevertheless, the commonly accepted range of some of our most
familiar ferns is much more extended than is usual in the case of
Phanerogams, and not infrequently is quite at variance with the laws
of distribution which have been worked out for the latter type of

plants.
In a recent examination of the ferns of the Selkirk Mountains it

occurred to the author to make a critical study of some of the forms
which are supposed to have a very wide and somewhat anomalous
range. It appeared that, in the treatment of closely related species
of ferns, and of races within the species, too much reliance had been
placed on such superficial characters as details in the form and cutting
of the fronds, characters of a kind which botanists have found to be
peculiarly unreliable in most groups of plants. It seemed that a
study of such technical characters as the size, form and sculpture of
the spores, and details of the structure of the sporangia, sori, indusia
and scales, might reveal characters of a more stable nature than the
purely vegetative ones usually employed. As will be seen in the fol-
lowing series of papers, this study has led, in the case of several of our
common groups of ferns, to the separation of species and varieties, in
other cases to the recombination of forms supposed to be distinct, and
the races characterized by the same technical characters have been
found in all cases to have geographical ranges quite in harmony with
well-known laws of the distribution of flowering plants.

I. THE GENUS ATHYRIUM AND THE NORTH AMERICAN
FERNS ALLIED TO ATHYRIUM FILIX-FEMINA.

1. THE GENUS ATHYRIUM.

Fern genera are traditionally unsatisfactory, and in no part of the
group are they more so than in the alliance of which the lady fern 1s a
member. These form a naturally compact group in which 1t 1s some-
times difficult to distinguish clearly between the species, yet in some
treatments of the ferns the species described below have been rele-
gated to as many as three different genera, while Athyrium Filix-femina
itself has been placed by reputable authors in at least four of the larger
fern genera. This is largely due to the attempt, current throughout
the latter part of the eighteenth, and much of the nineteenth century,
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to rely entirely upon the structure of the sorus and indusium for
generic distinctions and delimitations. This attempt is now seen to
have resulted in an artificial system entirely comparable to the Lin-
naean system of classification of flowering plants. In some cases,
particularly in highly specialized groups, it resulted in bringing
together related forms, but it often led to obvious absurdities both of
aggregation and of separation. It naturally resulted in particularly
illogical results in such a group as Athyrium, where the sorus is a
peculiarly variable and unstable organ.

The genus Athyrium Roth ex Mertens! was originally founded
entirely upon soral characters which further investigation has shown
to be illusory. In view of this it is not strange that botanists like
Mettenius and Hooker should have found it impossible to maintain
the genus, and should have considered 1t merely as a section of Asplen-
wm.  In 1866 and 1870, Milde, however, in two notable papers 2
showed that the lady fern and its relatives differ in several respects
from the true Asplenia, and refounded the genus Athyrium on a firmer
basis. He laid particular stress on the structure of the scales in the
two genera and on differences in the vascular structure of the frond.
He also pointed out that Phyllitis (Scolopendrium) and Camptosorus
agree with Asplenium in both of these respects, while Diplazium, sev-
eral of the other genera of Asplenicae, and the more primitive genera
of the Aspidieae agree with Athyrium. In his second paper he confirms
his earlier results so far as the differences between Athyrium and
Asplenium are concerned, but he confesses that he is unable to main-
tain any generic difference between Athyrium and Diplazium, and he
accordingly transfers a long list of species from the latter genus to
Athyrium.

In general, the distinctions pointed out by Milde hold very well,

I Auszug eines Briefes von Hrn. Prof. Mertens in Bremen an den Herausgeber, Romer’s Archiv
fiir die Botanik, i1. pt. 1, 105 (1799).

Roth, A. (5., Tentamen Florae Germanicae, 111. 58 (1800).

Roth’s diagnostic character was the recurved sorus. Though his description of the genus
was evidently based almost wholly on A. Filiz-femina, which has since been considered the type
of the genus, and on its various European forms, which he treated as distinct species, he listed
as the first species A. fonlanum, a genuine Asplenium with no close affinity to the lady fern.
This species often has some of its sori recurved, and rarely has a few of them hooked as in true
Alhyrium. Roth's reason for placing this fern first was evidently merely that he was arrang-
ing all of the species in order, with the least compound first. That he did not consider it typical
is evident, as it differs in several respects, notably in its entire indusia, from his generic descrip-
tion.

2 Milde, J., Das Genus Athyrium. Bot. Zeit. xxiv. 373 (1866).
Id., Ueber Althyrium, Asplenium und Verwandte, Bot. Zeit. xxviii. 329 et sqq. (1870).
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though there are a very few species of Diplazium in which one or the
other breaks down. Such partially intermediate species occur, how-
ever, throughout the ferns, and any attempt to unite the larger fern
genera on such grounds would result in reducing such a family as the
Polypodiaceae to a very few genera — possibly to a single genus.

The scales of Asplenium consist of oblong cells, apparently nearly
square in cross section, and the vertical interior cell-walls are dark
colored and much thickened, while the superficial and marginal walls
are very thin and transparent. This gives the scale, under the
microscope, a clathrate appearance. In Athyriwm, on the other hand,
the typical scales are composed of elongated, more or less fibrous cells
which are somewhat rounded in cross section, and all parts of the cell-
wall are equally thickened, sometimes slightly, sometimes very greatly.

Fig. 1. Structure of the stipe in the genera Athyrium and Diplazium. A-D, Athyrium

angustum (Willd.) Presl. A, lower part of the stipe, X 5; B, upper end of the stipe, X 5; C,
rachis of the frond: D, midrib of a pinna, X 10; E, F, Diplazium plantgginifolium (L.)
(Brazilian material). E, stipe, X 10; F, midrib of the blade, X 10: G, H, D. grandifolium
Sw. G, stipe, X 10; H, midrib of the blade, X 10.

The result is that, under the microscope, there 1s no such contrast
between walls and lumina as is seen in the scales of Asplentum. Similar
scales are found in Cystopteris, in Dryopteris, in Diplazium and In
several other genera. In some species of Athyrium and in many
species of Diplazium, the much reduced scales which occur along the
rachis and veins of the frond, and especially in the axils of the pinnae,
are somewhat clathrate, but the large basal scales, occurring on the
+hizome and on the bases of the stipes are of the characteristic form
just described.

In Athyrium and Diplazium the structure of the stipe and the
rachis is rather uniform (see fig. 1). Two large bundles enter the
base of the stipe. These may be nearly parallel, but more com-
monly they are somewhat inclined towards each other on the ab-axial
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side of the stipe. They are usually well separated from each other
and in a frond broken oftf at the base, they often project as two per-
fectly distinet fibrous cords. Taken as a whole, the xylem groups of
the bundles are somewhat concave on their inner faces, though their
central portion usually curves in the opposite direction. The tips of
the xvlem groups, and especially those facing the ad-axial side of the
stipe are always sharply inflexed towards the middle of the stipe.
These inflexed tips of the xylem may extend in at a sharp angle to the
main mass of the xylem, in which case they are very conspicuous,
or they may be completely inflexed, so as to lie closely applied to the
inner face of the main xylem mass. Milde noted the existence of these
inflexed parts of the bundle in those ferns in which they are conspicu-
ous, but he seems to have overlooked the entirely parallel condition

Fig. 2. Structure of the stipe in the genus Asplenium. A, B, A. Trichomanes L.. A, stipe,
X 10; B, detail of the xylem of A. C-F, A. viride Huds. (), base of stipe, X 10; D, upper
part of the stipe, X 10; E, detail of the xylem of D; F, rachis of the frond, X 10; G, H,
A. bulbiferum Forst. G, stipe, X 33. H, rachis of the frond, X 3i. I-K, A. fragrans Sw.
I, stipe, X 2}; J, detail of the xylem of I; K, rachis of the frond, X 5.

in such species as Athyrium Filix-femina in which the tips of the
xyvlem are so much inflexed as to be almost hidden against the mass
of the bundle. Sooner or later the two bundles unite by their dorsal
extremities into a single U-shaped, or rarely V-shaped bundle. The
structure of the stipe of Dryopteris Thelypteris (L..) A. Gray, D. mon-
tana (Vogler) Watt and other related species of Dryopteris is identical
with that of Athyrium.

In Asplenium the vascular structure of the stipe is less uniform,
and Milde recognizes four classes of structure in this genus, besides
certain anomalous cases (see fig. 2). There are two small, centrally
located bundles, which may be free throughout the length of the
stipe and rachis, or may be united above, or even throughout.
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When separate, they are more or less crescentic, with the convex side
facing towards the middle of the stipe. The ad-axial tips of the
bundles are never inflexed. When the two bundles are united, the
compound bundle is usually X, Y, or T-shaped. Very rarely, as in
Asplenium fragrans Sw. (A. mexicanum Mart. & Gal.) and 4. bipart:-
tum Bory (A. auritum Watt), the compound i1s V-shaped, but even
then it is not entirely like that of Athyrium. Thus we find that in
Asplenium fragrans, the compound bundle 1s formed, not by the union
of the true ab-axial extremities of the component bundles, but by the
junction of the points of narrowly V-shaped bundles (I and J, fig. 2).

There are certain minor points in which Asplenium nearly always
differs from Athyrium and Diplazzum. In the first mentioned genus,
the walls of the sclerenchymatous cells of the stipe have a distinetly
red color,— 1t 1s this which gives the characteristic red-black hue to
the stipes of many species of Asplentum. In Athyrium and Dilpazium
on the other hand, the sclerenchymatous cells of the stipe have yellow
or yellow-brown walls. A similar difference obtains in respect to the
thickened walls of the cells of the scales.

In Asplenium the veins of the ultimate segments tend to be
repeatedly dichotomous, while in Athyrium and Diplazium the veins
are pinnate, and the veinlets are either simple or once forked. Very
rarely indeed in these genera 1s a vein forked twice.

The distinctions between Athyrium and the genera Diplazium and
Dryopteris are based entirely on the character of the sorus. As has
already been stated, this organ in Athyrium is very variable and in
many species two, or even three distinet types of sorus occur, even on
the same frond. The simplest of these types from the descriptive
stand-point, though almost certainly not the most primitive, is that
which 1s characteristic of the genus Asplenium (see fig. 3). Here
the sorus extends for a greater or less distance along the anterior side
of a vein,! and 1s covered by an indusium, which grows out from the

I When the subtending vein is forked or otherwise branched, the primary sorus occurs on the
anterior side of the anterior branch of the vein. Secondary sori may occur on the posterior
side of the anterior branch, and the anterior side of the posterior branch, and in corresponding
positions on the other branches if there are any. It is to be noted that the secondary sori are
always on the anterior side of the veinlets, if we consider their orientation in regard to the group
of veinlets, viewed as an ultimate segment of the frond, rather than in respect to the seg-
ment of the next lower order, which controls the position of the primary sorus. As has been
pointed out by E. J. Winslow (Double Sori in Athyrium, Am. Fern Journ. iii. 88, 1913), it is at
such points of confused and indeterminate orientation that diplazioid and athyrioid sori espe-
cially tend to develop.
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subtending vein and lies upon the sporangia. In the genus Athyrium
such sori seem always to be in close contact with the subtending vein
throughout their entire length, and never, as In some species of
Asplenium, to curve away from it at the ends. Asplenioid sori vary
greatly in length, but are otherwise quite uniform in character. The
indusium is raised and pushed back by the developing sporangia, and
at maturity is often completely reflexed.

The sorus characteristic of the great tropical genus Diplazium and
found also in some species of Asplenium and Athyrium, consists of two

Fig. 3. Fig. 4.

Fig. 3. Asplenioid sori. A, B, Asplenium platyneuron (L.) Oakes. A, pinna, X 2}; B,
young sorus, X 10, the sporangia indicated as if seen through the transparent indusium. C,
sorus from the distal portion of the pinnule of Athvrium Filiz-femina (L..) Roth., I-1, line meas-
uring the length of the indusium, h—h, line measuring its height.

Fig. 4. Diplazioid sori. A, Diplazium acrostichoides (Sw.) Butters, X 12}; B, Athyrium

asplenioides (Michx.) Desv., X 124: C, portion of the frond of Diplazium plantaginifolium (L.)
Urban, natural size.

asplenioid sori standing back to back along the same vein (see fig. 4).
Such sori may vary not only in their absolute length (in some species
of Diplazium reaching over 2 ¢m.) but also’in the relative length of
the component parts. In general, the anterior sorus is longer than
that on the posterior side of the vein. In typical Diplazium the
indusia wither at maturity.

The characteristic athyrioid sorus may be described as an asple-
nioid sorus which at the distal end crosses the subtending vein (see
fig. 5). Athyrioid sori display great diversity of form. At the distal
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end, the sorus may barely cross the veins so as to be slightly hooked,
a ‘“hamate” sorus, or 1t may develop a considerable posterior limb,
becoming horse-shoe shaped, or “hippocrepiform.” In the latter
case the two hmbs may lie close to-
gether, or the posterior imb may lie
at a visible distance from the sub-
tending vein. Moreover, the entire
sorus may be several millimeters long,
or may be so short as to appear
nearly round. In typical Athyria,
the indusium of the mature sorus 1s
reflexed wherever there is sufficient
room, and at the curved distal end,
1t 18 crowded up into a vertical posi-
tion in the midst of the sporangia.
It 1s easy to see that the condition

Fig. 5. Athyrioid sori. A, B, Athyrium . hort athvrioid s - s
Filiz-femina (L.) Roth, I-1, length, h-h, 11 @ Very short athyriold SOrus IS

height of the indusium. C, A. angustum but a brief step from that which
(Willd.) Presl. D, A. asplenioides . : | - .
(Michx) Desy. A and D are hippo. ©Ptains in such a fern as Dryopteris
crepiform, B and C, hamate. Thelypteris (L..) A. Gray, in which
an essentially round sorus i1s covered
by a centrally placed indusium shaped like an umbrella, but discon-
tinuous on the proximal side. Finally, in a very short sorus, only
that part may be present which crosses the vein, and the indusium
may then also merely cross the vein, usually somewhat obliquely and
just behind the sorus, a condition very like that found in the genus
Cystopteris. Cystopterid sori are also fairly common in some of the
more primitive species of Dryopteris, e. g. D. Thelypteris and its allies.
In this connection it is interesting to note that Bower! considers
Cystopteris as a relatively primitive type from which the Aspidieae
have probably developed, and it seems equally probable that Athyrium,
and through it the other genera of Asplenieae have developed from
a similar origin.
It 1s readily seen, that with such varability of the sorus, it is not
easy to define the limits of the genus Athyrium. In this connection
there are two major problems, the lmit between Athyriuwm and

Dryopteris, and the question of the genus Diplazium.

I Bower, F. O., The Origin of a Land Flora, 615 (1908).
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As Copeland has well pointed out,! Athyrium and Dryopteris are
both relatively primitive genera of Polypodiaceae, presumably with a
common origin, and between the more undifferentiated species of the
two genera there is really no definable difference. In both groups,
species occur with small hippocrepiform, round and cystopterid sor
mingled on the same frond, and it becomes necessary to judge such
cases, each on its individual merits. Thus Athyrium mongolicum
(Franch.) Diels, which has many cystopterid and dryopterid sor
mingled with other athyrioid ones is more closely allied to the Filur-
femina group of Athyria, than to any species of Dryopteris, while
Dryopteris Schaffneri (Fée) C. Chr., with a similar assortment of sori,
is obviously a member of the somewhat specialized section Goniopteris
of the genus Dryopteris. Similarly, in one of the species discussed n
this paper, Athyrium alpestre (Hoppe) Rylands, evidence from the
sori is at best very slight, and in some of its forms, as, for example,
that found in America, such evidence 1s entirely wanting, yet, so
closely do some of its forms approach to certain forms of the common
lady fern, that the two species can scarcely be kept separate, and there
can be no question of the generic position of Athyrium alpestre in any
natural classification of ferns.

In this connection, it is well to note that Christensen * has found
the type of pubescence very useful in classifying ferns of the genus
Dryopteris, and it bids fare to be equally useful in delimiting the
groups of the genera Athyrium and Diplazium, and in indicating the
true affinities of certain anomalous species.

In the direction of Diplazium the limits of the genus Athyrium are
even harder to define. As stated above, Milde® decided finally that
this is an impossible task, and he then merged the two genera, while
Copeland holds * that the Asiatic Diplazia have had a multiple origin
from the typical Athyria, and therefore cannot properly be regarded
as constituting a genus. The Asiatic forms of Diplazium, and of
Athyrium also, are certainly much more complex in their relationships
than the American forms, and the final settlement of this question
will depend on a careful working out of the lines of evolution of the

! Copeland, E. B., A Revision of the Philippine Species of Athyrium. Philip. Journ. of Sei.

Bot. iii. 285 (1908).

2 Christensen, C., On a natural Classification of the species of Dryopteris. Biol. Arb.
tileg. Eug. Warming (1911). '

3 Milde J., Ueber Ath. etc., Bot. Zeit. xxviii. 329 (1870).

i Copeland, E. B., loc. cit.
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Asiatic groups. As both of the genera involved are already of con-
siderable size,— according to Christensen’s Index, Athyrium has 85
valid species, and Diplazium, 206,— a merging of them seems undesir-
able unless it is absolutely required by considerations of taxonomic
honesty. So far as American ferns are concerned, the author finds
that Athyrium acrostichordes (Sw.) Diels shows, in the thickened walls
of the cells of its indusium, and in its pubescence, far closer kinship
for the ordinary type of tropical American Diplazium, than for ferns
of the lady fern group, and the same is true of Athyrium angustifolium
(Michx.) Milde.! It seems that it may be possible eventually, to
limit the genus Athyrium to the lady fern and its immediate allies,
and possibly to form two or more genera out of the more remote
groups of Athyria and Diplazia, but careful monographic work upon
the whole complex is very much needed at the present time.

Finally it appears that the contact between these ferns and the true
Asplenia is through once pinnate (or possibly entire leaved) tropical
forms such as Diplazium semihastatum (Kze.) C. Chr. and Asplenium
bipartitum Bory, as it 1s only among ferns of this general type, that any
forms with intermediate vascular structure occur. While the larger,
2-3 times compound Asplenia sometimes closely simulate certain spe-
cies of Athyrium, the structural differences are always perfectly sharp
and clean cut.

The close resemblance of the western ferns commonly classified as
Athyrium ecyclosorum to certain European forms of A. Filix-femina,
led to an examination of all the American and old world materal of
these species in the Gray Herbarium. From this examination certain
conclusions were reached, which are discussed at length below. These
conclusions are as follows:

1. That in the eastern United States and Canada there are two
distinct species of lady ferns, neither of which is conspecific with
A. Filix-femina (L.) Roth of Europe. One of these two species,
A. asplenmiordes (Michx.) Desv. 1s prevailingly southern in its distribu-
tion, the other, A. angustum (Willd.) Presl, is prevailingly northern.

2. That the ferns of the northwest are conspecific with the Euro-

I In the opinion of the author these ferns should be known as Diplazium acrostichoides
(Sw.), comb. nov. (Asplenium acroslichoides Sw. Schrader's Journal 1800, ii. 54 (1801),
Asplenium thelipterioides Michx., Fl. Bor.-Am. ii, 265 (1803), Diplazium (helipleroides Presl,
Tent. Pterid. 114, 1836) and Diplazium angustifolium (Michx.), comb. nov. (Asplenium
angustifolium Michx., Fl. Bor.-Am. ii, 265, 1803).
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pean plant, but, in some cases, differ from the common European forms
of A. Filiz-femina in certain minor points, and are then best regarded
as a geographical variety of that species.

3. That the lady ferns of California, and the southern Rocky
Mountains differ more markedly from the European plant, but are
not clearly distinct from the more northern form, and therefore are
best considered as a second, and much more aberrant geographical
variety of A. Filix-femina.

4. That a boreal and high alpine fern found in eastern Quebec and
in the alpine areas of western North America, is a clearly distinct
geographical variety of the old world A. alpestre.

2. AtayYriuM FiLix-rEmina (I..) Roth.!

Since the conception of this species among American botanists seems
to have become considerably confused by the failure to distinguish 1t
from the related forms of eastern America, a brief account of its chiet
characteristics seems desirable. The following description has been
drawn up mainly from the specimens of the European plant in the
Gray Herbarium (about twenty-five in number), together with a careful
comparison with the standard works on British and continental ferns.

The rhizome is generally described as erect, sometimes as erect or
ascending, rarely as decumbent. Even in cases where i1t is not
entirely erect, there appears to be always, a distinct upright ecrown of
fronds, with the young growth in their midst.?

t Polpodium Filiz femina L. Sp. Pl. ii. 1090 (1753). Athyrium Filix Foemina Roth ex Mertens,
Archiv fiir die Botanik, ii. pt. 1, 106 (1799). Athyrium Filiz femina Roth, Tent. Flor. Germ.
iii. 65 (1800).

2 The character of the rhizome is in general poorly shown in herbarium material. In the Gray
Herbarium only two European plants of this species show the crown of the rhizome. One of
these from Holstein, has the rhizome ascending at an angle of about 70°, the other, from Saxony,
at an angle of about 45°.. An Algerian specimen has the rhizome ascending at an angle of about
60°, and curving upward. In all these specimens the young growth is surrounded by the bases
of the older fronds.

In this connection the testimony of certain European writers is interesting. Thus Newman,
Hist. of Brit. Ferns, ed. I. 62 (1840), says ‘‘ The Rhizome is vertically elongate, sometimes rising
several inches above the surface of the ground: in one instance I have seen it more than a foot
in height, thus evincing a considerable proximity to the Dixoniae, and other tree ferns,”” and
Moore, Popular History of British Ferns, ed. I. 87 (1851), states, ““The habit of the plant is
tufted, the caudex of the larger varieties often with age acquiring some length, and elevating
the circlet of fronds on a low, rude pedestal; this stem, however, never acquires more than a
few inches in length. In winter, the summit of this stem, whether a tuft seated close to the
ground, or elevated a few inches above the surface, is occupied by a mass of incipient fronds,
each rolled up separately, and nestling in a bed of chaffy scales,”” while Milde, Die Gaf ass-Crypt.
Schles. 570 (1858), speaks of the ‘‘ganz aufrechten oder wenig aufsteigendem Rhizome."
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The crown of the rhizome and the lower one-third of the stipes are
covered rather densely, and the upper portions of the stipes more
sparingly, with large rather persistent scales. These are sometimes
over 1 em. long, and up to 3 mm. wide, lanceolate, and contracted to a
narrow base, so that in falling one leaves a very small scar which is
almost round or like a minute inverted U. The scales are translucent
and glossy, so that it 1s difficult to evaluate their true color. Seen
against a white background, e. g. an herbarium sheet, they generally
correspond to the “tawny” or “russet” shades of Ridgway’s Color
Standards, Plate 15. Very rarely they are darker, approaching
Ridgway’s “Mars Brown.” The cells of which they are composed
are large enough to show plainly with a hand-lens of moderate power,
and under a compound microscope appear as elongated, but scarcely
fibrous cells about six times as long as they are wide.

The stipes are commonly very short, one-fourth to one-third as long
as the frond. The fronds themselves are lanceolate, widest in the
middle, and tapering about equally in both directions. The lower
pinnae are rather remote, in general strongly deflexed, and, though
but httle reduced in width, only one-fourth to one-half as long as the
middle pinnae.

In the details of the arrangement, form and cutting of the pinnules,
this species, like all of its close relatives, is very variable, and innum-
erable “ varieties” have been named, sixty five of which are enumer-
ated and deseribed by Moore in his “Nature Printed British Ferns.” !

The sor1 differ considerably in different specimens, and different
parts of the same specimen, but have certain general characters which
distinguish them clearly from those of the east American plants of
this group (see Plate 123, figs. 1 and 2, also text-fig. 3, p. 175 and
text-fig. 5, p. 176). They are uniformly short, very rarely reaching
the length of 1 mm. Strictly asplenioid sori are rare, and are usually
found only at the distal extremity of the pinnules, where the sori are
considerably reduced in size. A ,very common form is the sorus which
runs along the anterior side of the subtending vein for about 0.75 mm.,
and then crosses it without extending at all down the posterior side
of the vein. In many specimens, horse-shoe shaped sori, and even
round sor1 are found. In sori of the latter types, the indusium is

1 Good figures, showing the general aspect of this fern may be found in the work just men-
tioned, Folio ed. pl. 30-34, 8vo. ed. pl. 52-66, in Lowe, E. J., Our Native Ferns, pl. 35, also in
his Ferns British and Exotic, v, pl. 29, and in Schkuhr, Ch., Kryptogamische Gewiichse, pl. 58.
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bent sharply back upon itself, with the two sides in contact, so that
it stands in the midst of the sporangia of the distal half of the sorus.

The indusia are usually provided with an abundance of long multi-
cellular cilia. These are occasionally rather few in number, and 1n
old sori they often become so shrivelled that they are not easily seen,
except with the compound microscope, and after careful dissection.
In no specimen examined were they wanting. The average height of
the indusia, not including the cilia, 1s 0.55 mm., and their average
length in the larger sori is 0.8 mm.! In the case of the short asplenioid
sori near the tips of the pinnules the indusium is often higher than it 1s
long. At both extremities the indusium ends abruptly, so that its
sides meet the line of attachment nearly perpendicularly, and some-
times it is even contracted towards the base.

The stalks of the sporangia are short and very frequently proliferate,
the branch usually bearing a secondary sporangium. Occasionally
the secondary sporangium is abortive, and rarely it is replaced -by a
glandular structure. In no specimen seen are such glands freely and
uniformly produced as they are in nearly all east American material.

The spores are yellowish, sparsely papillate, and average 39.1 X
24.1 u1n size.

2. TuE Lapy FERNS OF THE EASTERN UNITED STATES AND (CANADA.

In the eastern parts of North America there are two species of the
lady fern group which appear to be amply distinct from each other
and from the true Athyrium Filix-femina. These are A. asplenioides
(Michx.) Desv. and A. angustum (Willd.) Presl. The former 1s a
southern species, ranging from Florida to Texas, and north to Mis-
souri, Indiana, Ohio, and along the Atlantic coast to eastern Massa-

1 All measurements of indusia in this paper were made upon indusia dissected off from the
frond and flattened out under a cover glass. The length is always measured in a straight line,
as nearly as possible parallel to the line of attachment of the indusium, the height in a straight
line from the attached edge of the indusium to its free margin. See text-figure 3, p. 175, and
text-figure 5, p. 176.

2 The soral characters of the true A. Filiz-femina are reflected in the treatment of it by Euro-
pean botanists. Thus Linnaeus, who defined Polypodium, ** Fructificationes distributae in
puncta rotunda, per paginam folii aversam (Gen. Pl. ed. 5, 485, 1754), placed the lady fern
in that genus between P. cristalurm and P. Filiz-mas, and P. aculealum, P. rhaelicam (a mixture
of Athyrium Filiz-femina and A. alpestre) and P. noveboracense. It has been placed in Nephro-
dium and Aspidium and by most recent European botanists in Athyrium. Those who, like
Mettenius and Hooker placed it in Asplenium have held very broad views of the extent and
characteristics of the latter genus.
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chusetts, the latter 1s a northern species ranging from Labrador to
Manitoba, and southward to southern New England, the mountains of
Pennsylvania, the region of the Great Lakes, northern Missouri and
the Black Hills. The two species meet chiefly in southern New
England.

In both of these species the rootstock is horizontal or nearly so,
and the young growth appears at the end, in advance of the bases of
the older fronds, instead of surrounded by them as in 4. Filiz-femina.
At the same time the two species differ considerably from one another
in their underground parts. A. asplenioides has the rootstock dis-
tinctly creeping, and only partially and incompletely covered by the
short persistent bases of the fronds, the whole structure being only
1-1.5 em. in diameter. The fronds of each season’s growth are loosely

clustered, and the next season’s growth projects conspicuously beyond
the bases of the fronds of the current season. A. angustum has a
much more condensed rootstock completely covered by the long
overlapping fleshy persistent bases of the fronds, the whole structure
being 2-5 em. in diameter. The fronds are usually produced in con-
siderable numbers, and as the rootstock grows but slowly, they are

bunched together, but not truly tufted or forming a crown as in A.
Filix-femina. The new growth stands in front of the fronds of the cur-
rent season, but does not project conspicuously as in A. asplenioides.!

The young growth of A. asplenioides 1s covered with scales which
are smaller and proportionally narrower than those of A. Filix-femina
but similar in color and structure. In the American fern, however,
these scales are for the most part quickly deciduous after growth starts,
and the stipes and bases of the mature fronds show very few scales,
and these commonly of very small size (3-5 mm. long, by less than

I mm. wide).

I 1 have laid particular emphasis on this point because D. C. Eaton, Ferns of the Southwest,
U. S. Geog. Surveys West of the 100th Meridian, vi. 330 (1878), says, ‘* Moore separates the
greater part of the North American ferns specifically under the name of Athyrium asplenioides,
Desv., making two varieties, one with broader and one with narrower pinnules, but the dis-
tinctive character which he relies mainly upon, the ‘creeping caudex,’ seems to be invalid, as
our American plants grow in crowns no less decidedly than those of Europe.”” The context
shows that Eaton was not confining these remarks to the western ferns, which are truly tufted,
but that he entirely ignored the difference between the close crowding of leaves due to a very
slow horizontal growth of the rootstock, and the true crown which arises when the growth is
vertical or nearly so. Certainly the quotations in the footnote on p. 179 are very far from
describing the condition of the rootstock in either of our east American species. It is note-
worthy that all European botanists who have been dealing with living American plants in culti-
vation have noted the difference in the underground parts between these plants and A. Filiz-

femina. g
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The scales of A. angustum are quite different from those of either
of the other species just mentioned. They are of moderate size (up
to 1 em. long and 1.5 mm. wide, usually considerably shorter than this).
In shape they are narrowly linear-lanceolate with a fairly wide base,
and in falling they leave larger and more conspicuous scars than do
the wider scales of A. Filixz-femina. They are much more opaque
than those of the last mentioned species, and generally of darker color,
varying from the “Mars Brown” of Ridgway’s Color Standards,
Pl. 15, to nearly black, with the middle often darker than the edges.
Under a moderately strong hand-lens it is difficult to make out any
structure, while under a compound microscope, they are seen to be
composed of narrow fibrous cells about 15 times as long as they are
wide.

In the form of the frond, the two American ferns are decidedly dis-
similar. A. angustum closely resembles A. Filix-femina, but its stipes
are commonly proportionally longer,— often one-half as long as the
fronds,— and the lower pinnae are not quite so much reduced in size,
and are less strongly deflexed than in that species.

A. asplenioides has still longer stipes, about equalling the narrowly
deltoid lanceolate fronds. The second pair of pinnae are commonly
the longest, and the basal pinnae are only very slightly reduced in

length.
The details of the fronds of both American species are, as in A. Filix-

femina, very variable, but the following points are worthy of note:
the fronds of 4. angustum are often markedly dimorphic, the segments
of the fertile fronds being much narrower and more acute than those
of the sterile fronds; the pinnules of the fertile fronds of 4. angustum
are commonly narrowly lanceolate and acute, those of A. aspleniovdes,
oblong or linear-oblong and obtuse (in very large fronds, however,
the pinnules may be deltoid-lanceolate and sub-acute, and the seg-
ments of the third order oblong and obtuse.’

In the structure of the sori and indusia, the two east American
species are markedly different from A. Filix-femuna and from each
other. The sori in both American species are prevailingly asplenioid
and for the most part over 1 mm. in length, those of A. asplenioides
being longer than those of A. angustum. Athyrioid sori are generally

I For a discussion of the various forms and varieties of A. asplenioides and A. angusium, see
below, p. 188 et seq. For illustrations of the pinnules of the various forms of these species

see Plate 123, figures 3-18,
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either long sori, rather sharply hooked at one end (hamate), or else
long horse-shoe shaped, while the short and almost round type so
commonly found mm A. Filix-femina 1s very uncommon. Diplazioid
sorl are somewhat rare, but are more common than in A. Filix-femina
(see Plate 123, figs. 4, 6, 11, 13 an<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>